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Nematode Development: New Tricks for Old GenesThe evolution of novel features requires evolutionary change in gene
function. New work in nematodes shows how conserved genes can
nonetheless contribute to innovative traits.Helen M. Chamberlin
Evolutionary change is best
understood by considering traits
and genes from a range of species.
If two species differ in a trait, our
interpretation of how the difference
arose depends on our observations
in an outgroup –— a species that is
less closely related to the two
under study than they are to each
other. The logic of parsimony
allows us to interpret that a species
that shares the trait with the
outgroup exhibits the ancestral
(conserved) trait, whereas the
species that differs from the
outgroup reflects the specific
evolutionary change or innovation,
and is ‘derived’.
A simple scenario known to
underlie the evolution of some
traits links molecular and
phenotypic evolution (for example
[1,2]). Sequence changes to a genealter its function in such a way that
alters the observed phenotype. In
this case, both the trait and
affected gene are derived when
compared to other species. The
paper by Schlager et al. [3], in
this issue of Current Biology,
reports an interesting twist for
thinking about the evolution of
new traits. This work has
uncovered an example in which
a derived trait in one species
requires an ancestral genetic
module, whereas a species with
the ancestral trait is derivative in
that it lacks the genetic module.
Schlager et al. [3] focused on
the development of part of the
nematode egg-laying system, the
vulva. The vulva develops from
a subset of twelve ventral
epidermal cells. The ventral
epidermal cells differ in their ability
to divide and form vulval tissue:
cells at the anterior and posteriorHairy-Groucho
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Figure 1. Molecular and phenotypic differences between the nematodes C. elegans
and P. pacificus, and a comparison to outgroup species.
Species are grouped according to their predicted phylogenetic relationships [7,8]. De-
rived features are indicated with red. Molecularly, the ancestral Hairy–Groucho repres-
sor module is absent in C. elegans. Phenotypically, the ancestral pattern in the vulval
equivalent group is modified in P. pacificus, with anterior cells excluded from the
group. Schlager et al. [3] show that, in P. pacificus, the new developmental trait is
mediated by the ancestral Hairy–Groucho module.extremes are not capable of
producing vulval tissue, whereas
the other cells form a so-called
‘vulval equivalence group’.
Although normally only the most
central cells develop to form the
vulva, experimental or genetic
manipulations demonstrate that
all cells of the vulval equivalence
group are competent to form vulval
tissue.
One trait that differs among
nematodes is the size of this vulval
equivalence group. In the ancestral
condition, most of the ventral
epidermal cells are included as part
of the group, and restriction of
which cells comprise the vulval
equivalence group is a derived
trait. With respect to the new study
[3], anterior cells are restricted from
the vulval equivalence group in the
nematode Pristionchus pacificus,
whereas in Caenorhabditis elegans
and the outgroup species
P. redivivus, the anterior cells are
included (Figure 1).
Mutants for either of two different
P. pacificus genes exhibit the
ancestral trait, with an anterior
expansion of the vulval
equivalence group border [4].
Schlager et al. [3] show that these
two genes encode the P. pacificus
Hairy and Groucho proteins, and
normally interfere with the
transcription of a gene important
for regional patterning, the HOM-C
gene lin-39. Hairy and Groucho
proteins were first described in
Drosophila, where, among other
things, they function to restrict
the pattern of sensory bristles.
Hairy is a basic helix-loop-helix
transcription factor, and Groucho
is a transcriptional co-repressor
[5]. Hairy and Groucho-related
proteins interact and function
together in many animals to inhibit
or restrict the transcription of
target genes (reviewed in [6]).
Reflecting its widespread
representation, the Hairy–Groucho
repressor complex can be
considered an ancestral molecular
module important for restricting
Dispatch
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development.
The significance of the molecular
and functional characterization of
hairy and groucho genes in
P. pacificus comes from
interpretation in the context of
other species. Specifically,
sequence analysis shows that
a gene that can encode a
Hairy-related protein capable of
interacting with Groucho is absent
from the C. elegans genome,
whereas this type of gene is
present in the genome of many
other animals, including
P. pacificus, Drosophila and
humans. The implication is that
the hairy-related gene was lost in
the lineage leading to C. elegans,
which among nematodes exhibits
the ancestral anterior border
pattern in the vulval equivalence
group. In contrast, the ancestral
genetic module is retained in
P. pacificus, yet it participates in
establishing the derived trait and
restricting the cells that
participate in the vulval
equivalence group.
How is it that the ‘old’
Hairy–Groucho module does ‘new’
tricks? The answer will likely reflect
the modular nature of
transcriptional regulatory regions
which allows them to play
a significant role in evolutionary
change. For example, co-option of
a conserved transcription factor
module to a new regulatory role
might occur if sequence changes
introduced the appropriate DNA
binding site into the regulatoryConservation Bio
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At the annual meeting of the
American Association for the
Advancement of Science (AAAS) in
1997, Jane Lubchenco called forregion of a target gene [2]. The
common ancestor of C. elegans
and P. pacificus is predicted to
have exhibited both the ancestral
trait (a larger vulval equivalence
group) and molecular features (the
Hairy–Groucho module). Separate
evolutionary changes resulting in
the loss or alteration of the hairy
gene from the lineage leading to
C. elegans, and recruitment of the
Hairy–Groucho module to
participate in restriction of the
vulval equivalence group, could
produce the results described by
Schlager et al. [3]. Thus the
presence of the Hairy–Groucho
module P. pacificus is ancestral,
whereas the process in which it
has been recruited to participate
is derived.
This new work shows how the
basic evolutionary themes of
co-option of existing genes to
new functions and loss or change
of genes can contribute to
the evolution of traits and
coincidentally underlie genomic
change. Questions for the future
include whether the nematode
species differences also reflect
changes in additional genes, and
what are the specific molecular
alterations responsible for the new
Hairy–Groucho module function in
P. pacificus. Evolution is limited to
acting on existing genetic
resources, but it is becoming
apparent that the potential toolkit
is large, and over time multiple
changes can accumulate and
assort in new and exciting
combinations.logy: Beyond
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(‘‘20% in 2020’’), although there is
no ignoring data indicating that
many of the world’s fisheries have
been overexploited and that our
marine ecosystems are in trouble
because of poor management [1].
We have now had almost ten years
of symposia, books, working
groups, debates, implementation
and lawsuits relating to marine
protected areas. Marine protected
areas are slowly being established
around the world, but no one would
yet call the push for marine
protected areas a resounding
success.
